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Abstract 

A demonstration of the usefulness of a simple formula for the DC 
Hall conductivity based on the relaxation-time approximation is pre- 
sented. The implementation of the formula on your PC can be com- 
pleted within ten minutes. The formula is employed to explain the 
qualitative features of the measured DC Hall conductivity in the nor- 
mal state of high-T c superconductors. 



A revival of a single-particle transport theory for the normal state of 
high-Tc superconductors is now in progress [U El E] • 

In this Short Note I try to support the progress using a simple formula 
for the DC Hall conductivity. The formula is so simple that it can be imple- 
mented on your PC within ten minutes. 

The target data is the non-monotonic temperature dependence of the DC 
Hall conductivity measured in the normal state of PCCO superconductors 
|3]. Although it was interpreted jl] by the effect of the vertex correction, I 
shall show that it is explained qualitatively within the relaxation-time ap- 
proximation. 

In the next Short Note I shall discuss why the relaxation-time approxi- 
mation is enough for the qualitative understanding and the vertex correction 
is irrelevant. 
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We start from the full Green function for electrons 



GR(P ' ^ e - E(p, e) + »/2r( Pl e) ' ^ " ] e - E(p, e) - i/2r(p, e) ' 

(1) 

where the self-energy is renormalized into the dispersion E(p, e) and the 
life-time r(p, e). 

Our numerical calculation is done for 2D square lattice with the lattice 
constant a = 1. By the symmetry we only need the information for the 
quarter of the Brillouin zone: < p x < it and < p y < it . In the following 
the summation over p is restricted within this quarter. 

We consider the conductivity within the relaxation-time approximation. 
In the next Short Note we shall discuss that the vertex correction does not 
change the qualitative result of the relaxation-time approximation in the 
case where the forward scattering is unimportant. Neglecting the vertex 
correction the DC conductivity a xx in the absence of the magnetic field is 
given by [5] 



e 2 



(2) 



"* TT R(T) ' 

with 

where G R = G R (p,0), G A = G A (p,0), E = E(p,0), t = r(p,0) and v x = 
BE j dp x . Here we have assumed the Fermi degeneracy for simplicity. 

In the same manner the DC Hall conductivity a xy proportional to the 
weak magnetic field H is given by |5] 



a xy /H= l -^-AS(T), (4) 

7T 



with 



s(r) , E ^_„^ )G * G ^ 



p 

where v y = dE/dp y . 
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Thus, if you have the data of the momentum dependence of the dispersion 
E and the life-time r at e = 0, you can easily get the DC Hall conductivity 
from this formula. The implementation of the formula on your PC takes 
little effort. I employ the following model for E and r. 

Here we substitute the dispersion obtained by the band calculation j6] 

E = —2t(cosp x + cospy) + 4t' cos p x • cospy — 2t"(cos2p x + cos 2p y ) — /i, (6) 

for that for quasi-particles. For PCCO we adopt t = — 0.438eV, t' = 0.156eV 
and t" = 0.098eV jS] in the numerical calculations in this Short Note. By 
this substitution we miss some many-body correlations. 

The Fermi surface for this dispersion is shown in Fig. 1. The factor 
/(p) = v x {y x dvy/dp y — v y dv x /dpy) appearing in a xy is shown in Fig. 2. 

For the life-time we adopt the model 

l. = w(p)-g 1 -T+ [l-w(jp)] -g 2 -T 2 , (7) 

similar to the multi-patch model [7] where the Brillouin zone is divided into 
hot and cold patches. The life-time is determined by the coupling to the 
anti-ferromagnetic spin-fluctuation. In the cold patches the relevant spin- 
fluctuation spectrum is broad and its temperature-dependence is weak so 
that 1/r ~ T 2 . On the other hand, in the hot patches it is peaked around the 
nesting-vector and its integrated weight depends on the temperature so that 
1/r ~ T. For simplicity we did not implement the gradual change between 
hot and cold patches employed in [7]. Namely w(jp) is a step function in our 
case where w(p) = 1 if (p — pi) 2 < r 2 or (p — p 2 ) 2 < r 2 with pi = (tt, 0) and 
p 2 = (0, 7r) and u>(p) = otherwise. 

We set g2 = 100/eV in accordance with [3]. Here the temperature T is 
measured in eV. On the other hand, our choice, g\ = 0.1, is smaller than [3] 
and [7J. Such a smallness is explained by the nested spin fluctuation [S]. 
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Before performing the numerical calculation we can make a rosy predic- 
tion that the non-monotonic temperature dependence of a xy , which we want 
to derive, is obtained, if the temperature dependences of 1/r are different 
between the regions with positive /(p) and the regions with negative /(p) in 
the Brillouin zone. After the numerical calculation we confirm the prediction 
as shown in Fig. 3. The result for /i = actually shows the non-monotonic 
temperature dependence qualitatively similar to that observed in the ex- 
periment pf]. More direct comparison between the experiment [I] and our 
numerical calculation can be done for a xy /a xx shown in Fig. 4. 

In conclusion our simple formula based on the relaxation-time approxi- 
mation for single particles qualitatively explain the non-monotonic behavior 
of the DC Hall conductivity in the normal state of PCCO superconductors, 
though our choice of the parameters should be reconsidered for quantitative 
description. 

This work was driven by the discussions with Professor Kazumasa Miyake. 
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Figure 1: Fermi surfaces for fi = —0.1, 0, 0.1 with t = —0.438, t' = 0.156, 
t" = 0.098 where all the energies are represented in eV. Only the quarter of 
the Brillouin zone (0 < p x < n and < p y < tt) is depicted. 
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Figure 2: The factor /(p) = v x (v x dv y /dp y — v y dv x /dp y ) in the quarter of 
the Brillouin zone. In the white region /(p) > and /(p) < in the black 
region. 
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Figure 3: Temperature dependencies of S(T) for // = —0.1, 0, 0.1 with 
r 2 = 1.07 where S(T) oc a xy . The temperature is represented in eV. The 
summation over p is carried out using 3000 x 3000 mesh in the quarter of the 
Brillouin zone. 
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Figure 4: The temperature dependence of S(T)R(T) for \i = with r 2 = 1.07 
where S{T)R{T) OC (T xy /<7 XX . 
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